The objective of this study was to evaluate the nutritional efficiency of phosphorus in clones of conilon coffee, in greenhouse condition. A factorial design 13 x 4 was used, with three replications, and the factors being: 13 clones that compose the clonal cultivar "Vitória Incaper 8142" and four levels of phosphorus fertilization (0%, 50%, 100% and 150% of the recommended P 2 O 5 for the culture) in a completely randomized design (CRD). The cultivation consisted of a period of 150 days, then in each experimental unit, the values of dry matter and phosphorus content of the vegetative parts were obtained. The indices of nutritional efficiency (absorption, translocation and utilization) were calculated. The clones of conilon coffee showed different behavior for all variables at each level of fertilization with P 2 O 5 . The mass of dry weight, phosphorus content, and efficiency of phosphorus utilization of the clones increase linearly with the increase of P 2 O 5 . The efficiency of phosphorus absorption, depending on the levels of P 2 O 5 applied to the clones of conilon coffee, has set to a quadratic model. The translocation efficiency of phosphorus, depending on the levels of P 2 O 5 applied, is different for clones of conilon coffee, with a linear characteristic and also quadratic.
Introduction
Broadly, the concept of nutritional efficiency is used to characterize the ability of a given genotype to absorb the nutrient and then use it for the production of biomass or vegetal material of economic importance (Furtini Neto, 1994) . In tropical soils, phosphorus (P) is the nutrient that limits the biomass production the most, due to the source material and the strong interaction of this nutrient with the soil particles (Novais & Smyth, 1999; Novais et al., 2007; Oladiran et al., 2012) . This fact makes the fertilization with P a constant need, thereby raising the production costs (Reis et al., 2011) .
Thus, in experiments about the nutritional efficiency, studies regarding the P should be prioritized in order to increase the efficiency of this nutrient in the crops (Machado et al., 2001) , coupled with the economic premise of reducing the use of phosphate fertilizers (Amaral et al., 2012) .
Thus, the evaluation of the nutritional efficiency, for phosphorus, in the clonal cultivar "Vitória Incaper 8142", becomes essential to exploit the high yield potential and to reduce the cost of production. This study will, with the advancement of research, enable the recommendation of fertilization differentiated by clone, since they are separated and planted in rows in proportional amounts.
The objective of this study was to evaluate the influence of phosphorus levels in the nutritional efficiency of clones of conilon coffee for phosphorus, in greenhouse condition.
Material and Methods

Description of the Study Area and Plant Material
The experiment was conducted in greenhouse, located in latitude 20°45'S, longitude 41°33'W and an average elevation of 277.41 meters above sea level. The typical climate of the region is classified as CWa by the Köppen system, presenting hot and humid summers and dry winters. Along the experimentation period, the means for maximum and minimum temperatures were 39.27ºC and 25.60°C, respectively, from the months of October 2010 to March 2011.
The soil used was collected at 10 to 40 cm of depth, discarding the first 10 cm of the soil profile in order to reduce the effect of organic matter present in the surface layer. A sample of the soil was taken to laboratory for chemical and physical analyzes (Table 1) , and the soil was characterized as being Oxisol with clayey texture (Embrapa, 2006) . Extracted with potassium chloride 1 mol L -1 and determined with atomic absorption spectrophotometer; 8. Extracted with calcium acetate 0.5 mol L -1 , pH 7.0 and determined by titration (Embrapa, 1997) .
CV-07, CV-08, CV-09, CV-10, CV-11, CV-12 and CV-13) and four levels of phosphorus fertilization (0%, 50%, 100% and 150% of the recommended level of P 2 O 5 ) in a completely randomized design. The recommendation level of P 2 O 5 was determinate according with the proposed for Lani et al. (2007) . The experimental plot consisted of a seedling of each genotype per pot.
The P 2 O 5 levels corresponding to each experimental plot were applied in the form of p.a. salts (pure for analysis) (KH 2 PO 4 ), diluted in distilled water and homogenized completely the volume of soil in the pot. The applied levels; referring to 0%, 50%, 100% and 150% of the P 2 O 5 recommended for culture, according to Lani et al. (2007) ; consisted of 0.00, 3.15, 6.30 and 9.45 g pot -1 of P 2 O 5 . After application of the levels of P 2 O 5 , the plantation of conilon coffee seedlings, with three pairs of leaves, was performed. The seedlings were provided by the Instituto Capixaba de Pesquisa, Assistência Técnica e Extensão Rural-INCAPER.
The amount of potassium provided to all parcels in a single dose at planting, was 5.20 g pot -1 of K 2 O. The nitrogen fertilization, with NH 2 CONH 2 P.A., was performed according to Lani et al. (2007) , using nitrogen diluted in distilled water and applied on the surface, following a circular in shape, at 10 cm away from the steam. The fertilization (17.3 g N per pot) was divided into five applications, the first at the day of planting and the other periodically at 30, 60, 90 and 120 days after planting.
The irrigation was performed keeping the soil moisture at 60% of the total pore volume, calculated using the particle density and soil density, determined by the beaker method according to Embrapa (1997) .
Evaluation of the Study and Calculate Indices
After 150 days of culture, the plants were cut, separating the stem and branches, leaves and roots. These vegetal parts were removed, washed, weighed and dried in shade. All these parts were separately packed in paper bags and dried in a stove, with forced air circulation, at a temperature of 65°C, until constant weight, to determine the variables of dry matter.
To determine the mass of dry matter of aerial part (DMAP) and the dry matter of roots (DMR), the material was weighed on precise analytical balance, resulting in the values of grams per plant. The DMAP representing the sum of the weight of the dry mass of leaves, stems and branches. The total dry matter (TDM) was obtained by the sum of the DMAP and the DMR.
Utilizing the dry matter and the content of nutrients in the vegetal tissues, obtained using the methods described by Embrapa (1997) , the following indices were calculated: (a) absorption efficiency (AE)=(total content of nutrient in the plant)/(root dry matter), according to Swiader et al. (1994) ; (b) translocation efficiency (TE)=[(content of the nutrient in the aerial part)/(total content of nutrient in the plant)] x 100, according to Li et al. (1991) ; and (c) utilization efficiency (UE)=(total dry matter produced) 2 /(total content of nutrient in the plant), according to Siddiqi and Glass (1981) .
Statistical Analysis
The data were subjected to analysis of variance (p≤0.05), using the statistical software SISVAR (Ferreira, 2008) and, when significant, the Scott-Knott test (p≤0.05) was used for qualitative factors and regression analysis to quantitative factors. The regression models were chosen based on the significance of the regression coefficients, using the Student t test at 5% probability and the coefficient of determination (R²).
Results and Discussion
Phosphorus Levels Influence Production of Dry Matter and Content of the Phosphorusof Clones of Conilon Coffee
The factorial analysis of variance revealed the significance of the interaction between genotypes and phosphorus levels. In the study of the variables of dry matter (DMR, DMAP and TDM) ( Table 2 ) and P content (PR, PAP and TP) (Table 3) , differential behaviors were observed between the genotypes. Distinct groups of homogeneous means were observed, with different compositions, within each level of phosphorus fertilization studied.
Overall, it can be seen that clone CV-09, at levels of 0 to 100% of the recommended P 2 O 5 , and clones CV-05, CV-06 and CV-07, in the levels of 100 and 150%, maintained themselves up in the groups of higher average for all variables of dry matter. Contrary, clones CV-10, CV-11 and CV-12 and the clones CV-02 and CV-04, respectively, at levels of 0 to 50% and 100 to 150% of the recommended P 2 O 5 , were allocated in the groups of inferior means for those same variables (Table 2) .
It is stated by Fageria (1998) that is commonly observed differenced accumulation of dry matter under the same conditions of soil fertility, for cultivars of the same species. This differential behavior is justifiable due to the nutritional requirement being variable between genotypes of the same species, depending on the genetic and phenotypic variability (Fageria, 1998) . According to Fonseca et al. (2004) and Ferrão et al. (2008) , conilon coffee clones have a wide phenotypic and genetic variability, which allows different behavior of the genetic material, indicating the need for attention to adaptability and stability of genotypes for different soil conditions. The CV-09 clone showed high capacity for P accumulation, justified by its allocation in the higher average group of P content (PR, PAP and TP) at all levels of phosphorus fertilization studied. Also noteworthy are the clones CV-03 and CV-05 at levels of 100 and 150% of the recommended P 2 O 5 . The clone CV-12 showed reduced P content in their vegetative parts (PR, PAP and TP), for all levels of phosphorus applied on the soil (Table 3 ).
In studies of corn cultivars under different levels of phosphorus, cultivated in nutrient solution, Machado et al. (2001) found out that the total content of P was different for the cultivars within each level of phosphorus, showing a similar behavior to that observed in the clones of conilon coffee. According to Malavolta (2006) , providing different levels of phosphorus, the total content of P in the plant, too, can be different due to the difference in genetic capacity of each individual upon its mineral nutrition. ); 3 Total phosphorus content (g plant -1 ) .
In Table 4 , it can be verified that all analyzed clones of conilon coffee present, for the variables of dry matter (DMR, DMAP and TDM) and P content (PR, PAP and TP), fit to a linear crescent model based on the There was a larger vegetative growth, observed by the significant increase in dry weight (Table 4) , due to the greater availability of P in the soil as a function of the increasing levels of P 2 O 5 applied. Analyzing the growth and photosynthesis of young plants of arabica coffee, Silva et al. (2010) found that the increased availability of phosphorus in the soil promoted greater plant growth. These authors attributed the higher accumulation of dry matter by the high photosynthetic performance, influenced by greater stomatal opening, greater biochemical and photochemical activity of the coffee seedlings, which have thus increased availability of energy as carbohydrates for growth and subsequent conversion into dry matter.
In this work, despite not been evaluated metabolic parameters, it is assumed that the relationship presented by Silva et al. (2010) , too, can justify the dry matter values of the conilon coffee in function of the levels of fertilization with P 2 O 5 used in this study.
The linear increase of P content (Table 4) can be justified as result of the processes of absorption and translocation, and also photosynthesis which have been maximized as the levels of P 2 O 5 were increased (Malavolta, 2006) . The phosphorus content in the vegetative parts rises as the availability of P in soil grows (Novais & Smyth, 1999) , given to the difficulty of fully saturate the soil with phosphorus, due to the peculiarities of Brazilian soils (Novais et al., 2007) .
Nutritional Efficiency of P of Clones of Conilon Coffee
As in the other studied variables, the clones showed different nutritional efficiencies (AE, UE and TE), as evidenced by the different composition settings of group of means at each level of P 2 O 5 studied (Table 5 ). This fact is justified, as already discussed above, by the genetic and phenotypic differences between conilon coffee clones, as reported by Fonseca et al. (2004) and Ferrão et al. (2008) . Different efficiencies for absorption, translocation and utilization of P in different levels of phosphate fertilizer for genotypes of the same species were also found in potato (Castro, 2009) , and corn (Machado et al., 2001) , and pepper (Moura et al., 2001 ) and physic nut (Amaral et al., 2012) .
In general, the clones CV-04, CV-10, CV-11 and CV-12 showed higher efficiency of absorption of P (Table 5) . These clones were allocated in the groups of lower means of DMR (Table 2 ) and TP (Table 3 ), but presented higher P content with a smaller root development when compared to the clones CV-02, CV-07, CV-08 and CV-09 that showed reduced AE, even if those constituted the group of higher means for TDM and TP (Table 2 and 3). According to Fageria (1998) , differences in the absorption efficiency of nutrients between genotypes of the same species is basically an adaptation of the root system to the nutritional stress condition.
High translocation efficiency of P was observed in the clones CV-06 and CV-12, justifiable by the low P content in roots, unlike the clones CV-02, CV-05, CV-07, CV-08 and CV-09 which had low translocation efficiency of the absorbed phosphorus due to their high values of P content in the roots (Table 3 ). The translocation efficiency of phosphorus is mainly linked to the genetic characteristic that governs the occurrence of variations in the long-distance transport, the transport speed of the nutrient in the xylem, and the uptake and internal cycling of P (Furttini Neto, 1994) .
In general, for all levels of phosphorus, the clones CV-06, CV-08, CV-09 showed higher UE, contrary to the clones CV-02, CV-04, CV-12 that showed a small capacity of utilization of the absorbed phosphorus (Table 5 ). The UE was influenced by the ability of accumulate TDM, given that the clones that had highest and lowest UE composed, respectively, the upper and lower mean groups for TDM (Table 2) .
Differences in the utilization efficiency of P among corn cultivars to the same level of phosphorus were found by Machado et al. (2001) . These authors state that genotypes that present high utilization efficient of P are the ones with higher capacity to accumulate dry matter, based on the index proposed by Siddiqi and Glass (1981) .
To study the behavior of the AE as a function of the fertilization with the growing levels of P 2 O 5 , Table 6 shows that the clones CV-01, CV-02, CV-04, CV-10, CV-11 and CV-12 presented fit to linear models. For the clones which exhibit a fit to the regression model, different behaviors are noted in relation to the inflection point of the curves of AE. The clones CV-01, CV-02, CV-04, CV-11 and CV-12 showed efficiency absorption characterized by curves with inflection points in minimal points (Table 6 ). This fact is mainly due to the lower root development of those clones at the level of 0% of P 2 O 5 , characterized by lower values of DMR (Table 2 ). This fact indicates that, despite the lower production of dry matter of root per unit of absorbed P, these clones have a root system very efficient at acquiring P from the soil under conditions of nutritional stress.
Contrary, the curve of absorption efficiency of phosphorus of the clone CV-10 presents characteristic of inflection at a point of maximum (Table 6 ). Which leads to consider that the root system of this clone has reduced capacity of P acquisition from the soil under conditions of nutritional stress.
According Tiffney and Niklas (1985) , this different behavior between genotypes of the same species is associated with better adaptation to adverse conditions, and also with the distinct ability that they have in change the geometrical configuration of the root system to exploit the resources in a more efficient way.
For AE, the clones CV-03, CV-05, CV-06, CV-07, CV-08, CV-09 and CV-13 didn't present adjustment to any regression model (Table 6 ), leading to infer that there is no interference of the fertilization with P in the index of absorption efficiency of these clones, and meaning that the absorption is similar at any level of P.
According to Fageria (1998) , genotypes which are similar in nutrients absorption, at different levels of those in the soil, have broad genetic basis controlling the absorption efficiency, showing the adaptation of the roots to the soil nutritional condition. For the current study, this fact becomes interesting, considering the possibility of using the clones CV-03, CV-05, CV-06, CV-07, CV-08, CV-09 and CV-13 in soils considered marginal in P availability, without significant impairment of the absorption of P.
The TE of the clones CV-03, CV-10, CV-11 and CV-13 were characterized as linear and decreasing (Table 6) , an expected fact due to the responses of the P content in the aerial part and total also present linear characteristic (Table 4 ). This can be explained by the assertion of Graham (1984) , who affirms that the increased of the P in the soil can suppress the transport rate of P in the xylem, which reduces the translocation efficiency.
The remaining clones, influenced by the increasing levels of P 2 O 5 applied in the soil, provide efficiency values for phosphorus translocation adjusted to the quadratic model. The clones CV-01, CV-02, CV-04, CV-06 and CV-12 are characterized by curves with inflections at points of minimum and the clones CV-05 and CV-07 showed inflections at points of maximum (Table 6) .
Similar results for curves of translocation efficiency of P, with inflections at points of maximum for different pepper genotypes, was found by Moura et al. (2001) and also in soybean by Martinez et al. (1993) . These authors suggest that such behavior can be a non limiting mechanism in the metabolic process of P assimilation, which contributed little to differentiate between strains for response to phosphorus fertilization.
For the clones characterized by curves with inflection at points of minimum, it is assumed that the genetic variability present in these is linked to an adaptation to the environment with conditions of P stress, due to the more efficient translocation of P in the absence of phosphorus application in the soil. According Fageria (1998) , this relationship has been demonstrated for other vegetables.
The utilization efficiency of phosphorus is linear and crescent in relation to the P 2 O 5 levels applied in the soil, and the maximum UE of the clones of conilon coffee, except for the CV-09, for which was not possible to adjust a regression model, occurs at the level of 150% of the recommended level of P 2 O 5 , within the range studied (Table 6 ).
The fact that the regression model for UE was linear and crescent is basically due the influence of the total dry matter and total P content in the plant have also showed linear increase as a function of higher levels of P 2 O 5 in the soil (Table 4) , therefore, the clones of conilon coffee showed increase in the biomass production in the same proportion of the accumulation of P in the vegetal tissues, which increased the UE of phosphorus.
Conclusions
The clones of conilon coffee have different behavior in relation to the accumulation of dry matter, content of P in the vegetal tissues, and nutritional efficiency of phosphorus in each level of fertilization with P 2 O 5 .
The dry matter, content of phosphorus and utilization efficiency of phosphorus in clones of conilon coffee increases linearly with the increase of the level of P 2 O 5 in the soil, under the evaluated conditions.
The absorption efficiency of phosphorus as a function of P 2 O 5 levels in the soil for the clones of conilon coffee presents fit to a quadratic regression model.
The translocation efficiency of phosphorus in function of P 2 O 5 levels is differentiated for the clones of conilon coffee, with linear and also quadratic characteristics.
